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SUMMARY 


Sand  and  dust  definitions  found  in  military  references  show  little  uniformity  and. 
in  some  cases,  little  logic.  Hast’d  on  a  review  of  pertinent  literature,  it  is  reasonahle  to 
define  dust  as  particulate  matter  smaller  than  74  pm  anti  to  define  sand  as  particles  in 
the  size  range  between  74  and  1 .000  pm.  Of  the  two  sizes  of  partieles.  dust  has  in  far 
the  greater  potential  for  damaging  most  materiel. 


Because  of  the  wide  range  of  possible  effects  of  dust,  it  is  concluded  that  three 
different  concentration  categories  can  lie  considered  in  mateiiel  design.  Military  items 
likely  to  he  used  in  remote  areas  and  not  in  association  with  common  military  activities 
may  lie  designed  for  concentrations  of  only  5  mg/ft3 :  items  in  common  military  usage 
should  be  designed  to  meet  concentrations  up  to  30  mg? ft3  :  and  items  likely  to  he 
used  near  aircraft,  particularly  helicopters,  should  lie  designed  for  concentrations  of 
about  60  ing/ft3 .  In  the  latter  ease,  particles  are  no!  limited  to  dust -size,  since  rotor 
downwash  is  strong  enough  to  raise  sand  grains  to  considerable  heights. 


ii 


■ — a  saaaaaag gas 


FOREWORD 


This  report  was  prepared  as  part  of  the  Army's  contribution  to  the  revision  of 
MIL-STD  210  A,  Climatic  Extremes  for  Military  Equipment,  which  outlines  eir. iron- 
mental  requirements  for  the  design  of  materiel.  Although  the  Air  Foree  is  the  preparing 
activity  for  this  .Standard,  an  ad  hoe  committee  has  been  formed  to  make  final  judg¬ 
ments  on  the  limits  to  be  recommended  for  inclusion  in  the  current  revision.  'Hie  Army 
and  Navy  members  of  the  committee  are  contributing  background  studies  on  environ¬ 
mental  elements  of  particular  importance  to  their  materiel.  The  present  study  for  this 
purpose  was  funded  by  the  Environmental  Sciences  Division,  Office,  Chief  of  Research 
and  Development,  under  Project  2M025001 A 724. 
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SAND  AND  DUST  CONSIDERATIONS  IN  THE 
DESIGN  OF  MILITARY  EQUIPMENT 


I.  INTRODUCTION 


Practically  all  materiel  can  be.  damaged  in  some  way  through  association  with  sand 
and  dust.  The  damage  may  he  caused  by  abrasion,  clogging  or  blocking,  or  corrosion. 

Abrasion  damage  is  particularly  important  in  internal  combustion  engines  where 
dust  particles  caught  between  any  moving  parts  exert  a  cutting  action.  Examples  of 
this  kind  of  damage  are  numerous  and  dramatic.  In  fact,  the  failure  of  the  German 
campaign  against  Russia  during  World  War  11  has  been  attributed  in  large  part  to  dust 
problems.1  Abrasive  action  by  dust  caused  such  a  reduced  efficiency  and  a  high  rate  of 
complete  engine  failure  that  the  German  tanks  were  almost  useless  by  the  time  of  the 
autumn  muddy  season  and  the  following  severe  winter.  Also,  during  World  War  II, 
noticeable  engine  wear  and  high  oil  consumption  in  aircraft  engines  were  caused  by 
dust  at  airfields  in  Britain  after  as  little  as  10  hours  of  use.2  The  effects  of  dust  have 
been  the  subject  of  considerable  investigation  by  the  automotive  industry;  in  general, 
it  has  been  shown  that  abrasive  action  can  be  and  has  been  reduced  considerably  by  the 
use  of  efficient  air  filters  and  by  increased  attention  to  preventive  maintenance.  Abra¬ 
sive  action  is  not  limited  to  internal  moving  parts  but  is  also  damaging  to  exposed  com¬ 
ponents  such  as  pi  opciler  blades  and  various  kinds  of  linkages  which,  when  lubricated, 
rapidly  collect  a  heavy  layer  of  dust  that  may  act  as  a  grinding  compound  on  the  mat¬ 
ing  surfaces. 


The  effects  of  dust  in  the  category  of  clogging  and  blocking  include  a  wide  variety 
of  specific  problems  brought  about  by  the  mere  presence  of  dust.  These  include  many 
kinds  of  electrical  failures  where  dust  prevents  positive  contact;  many  cases  where 
small  opening;  are  blocked  and  made  inoperative  by  dust  accumulations;  and  even 
cases  where  the.  weight  of  accumulated  dust  in  dead-air  spaces  in  aircraft  may  seriously 
affect  performance  b\  changing  aerodynamic  characteristics. 

The  effects  of  dust  in  promoting  corrosion  and  microbiological  growth  arc  less  well 
documented  and  may  be  less  important  than  the  other  effects;  certainly,  they  are  less 
dramatic.  In  any  ease,  it  has  been  suggested  that  dust  acts  as  a  catalyst  for  the  corrosion 
of  exposed  metal,  and  dust  particles  may  1m;  a  means  of  transport  for  micro-organisms. 

1 U.  S.  Department  of  the  Army,  Effects  of  Climate  on  Combat  in  European  Russia.  Pamphlet  No.  20-291  (Washing¬ 
ton.  1).  ('..  U.  S.  Oovcnunent  t’rintinc  Office.  Febnian  1952). 

2C.  «.  Yokes. "Air  Filtration,”  Fl^ht.  45  (1855).  207  (Fell.  19(4). 
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It  should  also  he  noted  that  sand  and  dust  have  adverse  effects  on  personnel,  anti 
they  a<~c  important  to  military  operations  both  for  concealing  and  exposing  various 
types  of  movement;  but  these  considerations  are  beyond  the  scope  of  this  report. 


11.  DEFINITIONS  OF  SAND  AND  DUST 

Sand  and  dust  are  terms  for  small  particles  of  matter  usually  of  mineral  origin. 

They  are  usually  differentiated  from  one  another  by  means  of  differences  in  size,  but 
the  terms  are  often  used  loosely  and  sometimes  interchangeably.  Drawing  a  distinction 
between  the  two  may  seem  rather  academic  because  the  particle  sizes  involved  grade  in¬ 
to  one  another,  and  any  boundary  size  used  for  distinguishing  between  them  will  be 
somewhat  arbitrary  at  best.  Nevertheless,  there  are  differences  in  the  physical  character¬ 
istics  and  in  the  military  effects  of  sand  and  dust  that  make  worthwhile  the  attempt  to 
continue  a  distinction.  For  example,  Itagnold,3  who  has  done  a  considerable  amount 
of  experimental  work  on  the  behavior  of  blowing  sand,  suggests  that  there  arc  four  im¬ 
portant  differences,  all  of  which  are  a  function  of  particle  size  alone,  in  the  behavior  of 
grains  of  the  same  material  and  the  same  shape.  These  are:  (1)  the  fact  that  there  is  a 
critical  diameter  for  which  the  threshold  wind  is  a  minimum  (as  the  particle  diameters 
increase  or  decrease  from  this  size,  stronger  wind  pressures  arc  required  to  move  the 
grains);  (2)  smaller  particles  may  be  maintained  aloft  indefinitely  by  eddy  currents  of 
normal  winds;  (3)  smaller  particles  lend  to  collect  moisture  and  become  bound  together; 
and  (4)  smaller  particles,  even  though  angular,  feel  smooth  when  rubbed  between  the 
fingers.  Itagnold  suggests  that  these  behavioral  differences  are  noticeable  in  the  narrow 
range  of  sizes  between  70  and  150  micrometers  (pm)  and  that  all  groups  of  materials 
that  behave  like  sand  have  predominent  diameters  larger  than  BO  pm. 

Table  I  shows  that,  although  iKumdary  sizes  have  been  used  in  the  past  in  various 
military  and  other  documents,  there  has  been  no  consistency  and,  sometimes,  no  appar¬ 
ent  logic  in  their  selection.  For  convenience  and  because  there  is  a  need  for  some  stand¬ 
ardization  in  the  definition,  it  is  suggested  here  that  the  distinction  between  sand  and 
dust  be  based  on  particle  size  and  that  the  boundary  value  approximate  the  point  at 
which  the  behavioral  changes  tutted  by  Itagnold  occur.  An  actual  limit  of  74  pm,  which 
corresponds  to  a  No.  200  National  Bureau  of  Standards  sieve,  would  meet  this  criterion 
and  is,  therefore,  recommended.  This  size  limit  also  has  the  advantage  that  it  is  nearly 
equal  to  0.003  in.  which  is  a  frequently  specified  tolerance  limit  for  vital  machinery  parts. 

Thus,  it  is  recommended  that  dust  be  defined  as  all  particulate  matter  up  to  74  pm 
in  size-all  material  that  will  pass  a  No.  200  standard  sieve.  Sand  may  be  defined  as 
solid,  noncohesivc,  particulate  matter  in  the  size  range  of  74  to  1 ,000  pm. 

3H.  A,  Itagnold,  The  Phytict  of  Mown  Sand  and  Or:erl  Ditnrt  (Mrlhurn.  London,  1954). 
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III.  Cl  I  AH  ACTEUISTICS  AND  BEHAVIOR  OF  SAND 

For  most  military  considerations,  angularity  and  hardness  arc  the  most  important 
characteristics  of  sand  grains.  Hardness,  in  turn,  is  a  function  of  the  mineral  composi¬ 
tion  of  the  particles.  Significantly,  on  a  world-wide  basis,  ino.-t  sands  arc  composed  of 
quartz  (Si02 )  which  is  one  of  the  very  common  rock-forming  minerals.  Although 
quartz  is  a  polymorph,  many  of  its  common  forms  have  a  hardness  of  7  (on  the  Mohs 
scale)  wltich  is  hard  enough  to  cause  abrasive  damage-  to  most  forms  of  steel.  In  partic¬ 
ular  localities,  materials  other  than  quartz  may  he  locally  important  as  constituents  of 
sand.  These  include  the  white  gypsum  sands  of  southwestern  Foiled  Stales  (hardness. 
2);  the  black,  seashore  sands  containing  magnetite  (hardness.  6)  found  in  various  parts 
of  the  world;  some  stream  sands  containing  corundum  (hardness.  •));  and  sands  made 
up  of  calcitc  (hardness.  3)  in  marine  or  former  marine  locations. 

Whether  most  sand  grains  likely  to  he  encountered  are  rounded  or  angular  may  lie 
a  matter  for  some  conjecture,  hut  there  can  lie  little  doubt  that  a  substantial  proportion 
of  sand  grains  have  an  angular  shape.  Even  though  they  may  have  liecn  rounded  at  one 
time  by  abrasion,  quartz  particles  in  desrrt  areas,  through  impact  action  ami  because  of 
their  tendency  to  fracture  conehoidally,  may  well  have  become  angular  again. 


Because  sand  in  its  large  accumulations  tends  to  exist  in  relatively  pure  form,  i.e.. 
particles  in  the  general  size  range  of  100  to  1.000  pm,  its  behavior  under  wind  pressure 
is  fairly  «' ell-defined  and  predictable.  At  some  threshold  wind  speed,  which  depends 
on  the  roughness  of  the  ground  surface  and  the  size  of  the  grains,  sand  grains  l»egiii  to 
move  in  the  direction  of  the  wind.  As  the  particles  move,  they  impact  on  other  grains 
and  bounce  off  or  they  move  the  impacted  grains,  or  both,  so  that  there  is  soon  a  mass 
of  moving  sand  particles  which  appears  to  the  observer  to  he  suspended  indefinitely  in 
the  air.  Actually,  however,  each  sand  grain  moves  in  a  rather  fiat  and  relatively  short 
trajectory  after  which  it  bounces  again  into  the  air  or  moves  other  grains  into  similar 
paths.  Tins  hounding  movement  of  sand  grains  is  referred  to  as  saltation. 


In  general,  the  sand  movement  is  confined  to  the  air  layer  within  the  first  meter 
above  the  ground.  Even  within  this  layer,  about  half  the  sand  grains  (by  weight)  move 
within  the  firs!  10  mm  above  the.  surface:  and  most  of  the  other  half  are  within  the 
first  10  cm.4  As  a  consequence  of  the  low  elevation  at  which  most  sand  grains  move, 
most  abrasive  damage  caused  |»v  (he  sand  is  at  or  near  ground  level.  Nevertheless,  the 
smaller  number  of  grains  at  the  relatively  high  levels  can  Ik-  effective  m  removing  paint 
from  various  surfaces  as  well  as  in  causing  severe  erosion  to  exposed  materials— particu¬ 
larly,  glass  and  plasties.  Clements  et  al.s  suggest  that  most  direct  abrasive  damage  done 

4K.  A.  lUjmold,  The  Physics  a f  lUmcn  Sand  and  Desert  Danes  (Methuen,  London,  1954). 

ST.  Clement?,  et  tJL.  .-I  Study  «»/  Wind  home  Sand  and  Dost  in  Desert  /treat.  Technical  Report  KS-8,  Earth  Science? 
l>iv.,  U.  S.  Army  Natirk  Labs.,  Natick.  Mass.,  Aug.  1963). 


iiv  sand  Jo  automotive  surfaces  an  i  windshields,  however,  might  he  avoided  l»y  the  siir. 
pie  expedient  of  ceasing  movement  during  a  sandstorm. 

The  relationship  he t wet  a  sand  movement  and  meteorological  wind  speeds  is  not 
well  established  in  a  quantitative  sense* although  it  has  been  shown  experimentally  that 
winds  of  .1  Ik;ii *  1 1  mph  (measured  near  the  ground  surface)  can  move  small,  dry  sand 
particles  areas  of  loose  sand  dunes.  In  other  areas  where  surface  particles  are  some¬ 
what  agglomerated,  winds  up  to  .‘10  mph  may  he  required  to  cause  appreciable  move¬ 
ment.  Because  of  this  kind  of  variation  in  threshold  wind  speeds,  it  is  difficult  to  gen¬ 
eralize  about  sard  /  ovemeni  even  where  wind  speeds  are  well  documented.  Clements 
el  ah 6  observed  the  movement  of  a  particular  dune  over  a  period  of  9  months  and  found 
that  the  hulk  of  >iu*  dune  i.o’.ed  approximately  40  feet  in  one  direction  during  the  first 
7  months  and  then  moved  about  30  feet  hack  toward  its  original  position  in  the  other  2 
montiis.  Most  of  the  backward  movement  apparently  took  plaee  during  a  particular 
w?ndstorm  when  wind  speeds  of  up  to  32  mph  were  measured  a  few  miles  away.  This 
example  merely  demonstrates  that  substantial  amounts  of  sand  arc  commonly  moved 
about  by  wind  pressure. 

The  distribution  of  sand  over  the  earth’s  surface  is  widespread.  There  arc  vast 
sandy  areas  in  the  Sahara  and  in  Saudi  Arabia  as  well  as  significant  areas  in  most  of 
the  world’s  deserts.  All  of  the  continents  have  sandy  beaches  of  varying  width,  and 
there  are  large  sand  deposits  at  or  near  the  surface  in  many  inland  areas  formerly  cov¬ 
ered  by  water.  Because,  of  the  widespread  occurrence  of  sand,  it  can  he  assumed  that 
most  types  of  military  equipment  will  Ik:  exposed  in  sandy  areas  during  any  extensive 
operations.  However,  the  effect  of  such  exposure  depends  on  the  nature  of  the  equip¬ 
ment,  the  ground  moisture,  and  the  wind  speeds.  At  present,  there  an:  no  standard 
testing  procedures  designed  primarily  for  evaluating  the  effects  of  blowing  sand,  al¬ 
though  some  of  the  dust  procedures  specify  small  quantities  of  particles  up  to  1 50  nm 
in  diameter. 


IV.  CHARACTERISTICS  AM)  BEHAVIOR  OF  DUST 

In  contrast  to  the  distributional  patterns  that  could  he  associated  with  sand,  dust 
particles.  Ircrausc  of  their  low  terminal  velocity,  can  remain  suspended  in  air  indefinite¬ 
ly  and  can  settle  to  the  surface  anywhere.  Consequently,  dust  and  its  associated  proh- 
Ictrs  are  ubiquitous;  although  then1  arc  differences  in  degree  from  place  to  place. 


**T.  Clements, «  at,  A  Study  of  tt'indhomr  Sand  and  Dust  in  Desert  Arras.  Technical  Report  KS-it  (Kjith  Sciences 
f)iv„  l,l.  S.  Army  Ns  tick  f-abs..  Natick,  Mass,.  Aug.  1963). 


Some  effort  has  been  made  to  evaluate  the  potential  dustiness  of  places  by  exam¬ 
ining  the  proportion  of  dust-size  partieles  (smaller  than  74  /um)  in  the  surface  soil."7  it 
was  concluded  by  hngelhardt  and  Knel»e|  that  any  area  that  has  soil  containing  more 
than  9  percent  by  weight  of  such  partieles  may  become  at  least  moderately  dusty  at 
times.  Soils  with  14  percent  or  more  of  dust-size  particles  are  potentially  very  d-  tv. 
However,  it  was  also  concluded  that  soils  with  more  than  9  percent  of  dust  particles  are 
very  common  on  a  world  basis;  so,  one  must  look  for  other  factors  on  which  to  base 
estimates  of  the  likelihood  of  dust  problems. 

These  other  pertinent  factors,  however,  are  so  closely  related  that  it  is  impossible 
to  separate  their  individual  effects  except  under  carefully  controlled  long-term  study. 

For  example,  the  state  of  agglomeration  of  the  surface  particles,  caused  either  by  chem¬ 
ical  association*^  the  binding  action  of  moisture,  is  an  extremely  important  considera¬ 
tion  in  the  prediction  of  dust  problems.  Even  bare  soils,  such  as  the  undisturbed  crusts 
of  playas.  may  not  give  rise  to  dust  problems  until  the  soil  is  disturbed  or  agitated  by 
mechanical  means.  Such  agitation,  a  common  feature  of  military  activities,  facilitates 
the  drying  process  and  breaks  the  surface  down  into  its  liny  constituent  particles.  It 
also  happens  in  many  cases  that  surface  dust  particles  become  re-cemented  soon  after 
the  disturbing  forces  cease.  Because  of  this  eharacteristic.  the  Vchic'°  Dust  Course  at 
Yuma  Proving  Ground  is  disked  prior  to  use  for  testing. 

Another  important  factor  in  assessing  the  dust  potential  of  a  given  area  is  tin*  pres¬ 
ence  (or  absence)  of  protective  cover,  either  natural  or  artificial.  Dense  vegetation  of 
any  kind,  for  example,  provides  excellent  mechanical  protection  from  wind  movement; 
and  plant  roots  tend  to  hind  the  soil  particles.  Artificial  protection  is  provided  by  pav¬ 
ing  over  areas  subject  to  hard  usage  or  hv  employing  various  soil-stabilization  techniques. 
Even  sprinkling  with  water  will  provide  temporary  relief  from  dust  problems. 

Climatic  factors,  particularly  precipitation,  arc  of  considerable  importance  in  de¬ 
termining  the  state  of  agglomeration  of  particles.  Since  dust-size  partieles  may  lx*  found 
in  abundance  nearly  everywhere  and  low  soil  moisture  is  a  primary  drnggiomeraling 
factor,  any  climatic  conditions  that  favor  evaporation  lend  to  increase  the  dust  potential. 
Excluding  Antarctica,  over  40  percent  of  the  world's  land  surface  is  classified  as  mois¬ 
ture  defi  •ient.  Another  40  percent  of  tin-  earth  is  seasonally  dry.  which  means  that  dust 
problems  may  he  expected  over  most  of  the  earth's  surface  for  substantial  parts  of  the 
ye?;.  I.  -ss  bins.  jK-rhaps.  is  the  fact  (hat  even  in  regions  and  seasonsof  heavy  rainfall 
dust  cotitin.  to  create  problems  where  protective  cover  has  been  removed.  Many- 
moist  areas  are  so  well  drained  that  mud  becomes  dust  in  a  remarkably  short  time  after 
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a  heavy  rain.  A  good  example  is  Vietnam,  where  many  Americans  have  been  surprised, 
particularly  during  wet  seasons,  at  the  extent  of  sand  and  dust  problems. 

Climatic  factors  other  than  precipitation  also  have  an  effect  on  dust  potential. 

Since  dust  is  hygroscopic,  relative  humidity  plays  some  part.  Many  du.-t  tests,  lor  ex¬ 
ample.  specify  a  relative  humidity  of  less  than  30  percent  in  order  to  achieve  maximum 
particle  separation.  There  is  also  some  evidence  that  dust  problems  are  more  severe  at 
higher  temperatures.8  Finally,  both  because  of  its  drying  action  and  its  ability  to  circu¬ 
late  dust,  wind  has  a  considerable  effect  on  dust  potential. 

All  the  factors  listed  above  are  important  in  determining  natural  dust  potential 
even  though  the  effects  are  known  only  qualitatively.  Nevertheless,  the  most  important 
deagglomerating  factor,  except  when  the  surface  is  completely  wet.  is  man  himself,  es- 
(icciaiiy  when  he  is  equipped  with  machinery  to  increase  his  speed  and  mobility.  Tanks, 
trucks,  bulldozers,  artillery,  aircraft,  and  even  marching  troops  are  very  effective  in  the 
destruction  of  protective  cover  and  the  separation  of  small  particles  so  much  so  that 
dust  problems  must  be  expected  anywhere  these  activities  take  place.  Possible  excep¬ 
tions  are  those  places  under  permanent  snow.  ice.  or  water  cover,  and  those  rare  places 
that  have  precipitation  so  often  that  the  surface  never  dries  out. 

A  considerable  part  of  the  military  literature  on  dust  deals  with  particle  sizes  and 
concentrations.  Oust  concentration  measurements  are  often  made  by  trapping  the  d.«st 
from  a  given  volume  of  air  and  expressing  the  concentration  in  terms  of  weight  per  unit 
volume.  For  some  reason,  it  has  become  common  in  tin-  United  Stales  to  use  the  rather 
strange  expression  of  grams  or  milligrams  per  cubic  foot,  because  it  is  already  so  com¬ 
mon.  this  convention  is  continued  here:  hut  milligrams  jht  cubic  meter  will  also  he 
given.  The  measurement  of  particle  sizes  is  covered  in  some  detail  in  the  literature.9 
For  particles  down  to  74  pm.  which  arc  those  that  will  Ik*  retained  hv  a  No.  200  li.  S. 
standard  sieve,  it  is  customary  to  use  a  series  of  sieves  to  differentiate  iiolvvocn  size 
groups,  below  74  pm.  tin*  further  use  of  sieves,  although  they  are  available,  is  consid¬ 
ered  impractical  by  many  investigators  because  of  the  large  variations  in  the  sieves  and 
consequent  large  proportion  of  errors.  Therefore,  particles  smaller  (ban  74  pm  are 
often  referred  to  as  sub-sieve  size.  Then’  are  various  ways  to  measure  sub-sieve  particles, 
but  test  runs  have  shown  that  measurements  made  by  different  methods  seldom  are  in 
dose  agreement.10  Therefore,  data  comparisons  for  small  sizes  an*  not  likely  to  In*  rep¬ 
resentative  unless  it  is  known  that  the  same  measurement  methods  were  used.  This 
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caution  may  !«•  largely  academic  since  relatively  few  particle-size  determinations  have 
1k*ch  made  for  dust  in  the  several  investigations  where  samples  were  taken  from  dust 
plumes  raised  by  various  kinds  of  vehicles  in  dusty  areas:  it  is  also  pertinent  that  parti¬ 
cles  larger  than  74  pm  are  rare  in  these  plumes. 

As  shown  in  Table  I,  NASA  gives  an  indication  that  the  predominant  sizes  of  dust 
particles  will  be  between  0.1  and  2  fan.  but  there  is  no  indication  as  to  whether  the  per¬ 
centages  are  by  weight  or  by  count.  Other  simples,  taken  from  dust  plumes  around  op¬ 
erating  tanks  at  Yuma  Proving  (.round,  indicate  a  maximum  size  in  this  situation  some¬ 
what  smaller  than  74  pm:  hut  more  than  00  percent  of  the  particles,  hv  weight,  were 
larger  than  5  pm.n  From  these  two  studies,  it  is  apparent  that  one  cannot  generalize 
too  freely  about  dust  sizes.  It  is  fair  to  state,  however,  that  the  higher  the  sample 
(above  the  ground),  the  smaller  the  particles;  larger  size.-  tend  to  settle  out  first. 

Likewise,  there  is  a  wide  variability  in  concentrations  of  dust  suspended  in  the  air. 
This  variability  within  a  seemingly  uniform  micro-environment  is  illustrated  by  a  series 
of  nine  dust  samples  collected  next  to  a  bulldozer  liackfilling  a  trench  with  dry  earth. 

All  samples  were  collected  within  a  time  span  of  1  hour,  and  care  was  taken  to  get  as 
nearly  identical  conditions  as  possible:  yet.  the  concentrations  varied  from  0.26  to 
5.19  mg/ft3  (9  to  185  mg/m3).  Most  of  t!i°  pertinent  data  available  regarding  measured 
dust  concentrations  are  incorporated  in  Table  1 1  which  shows  some  of  the  variety  of 
dust  concentrations  in  different  circumstances.  Table  il  also  demonstrates  that  dust 
concentrations  from  ordinary  windstorms  tend  to  Ik*  much  lower  than  those  associated 
with  military'  activities. 

In  addition  to  actual  measurements  of  dust  concentrations,  some  attempts  have 
Ik-cii  made  to  correlate  concentration  with  visibility.  In  fact,  the  most  common  method 
of  reporting  dust  occurrence  is  based  on  restriction  to  visibility.  Apart  from  the  inher¬ 
ent  differences  among  observers  in  their  perception  of  what  constitutes  poor  visibility, 
consistent  correlation  between  visibility  and  dust  concentration  is  difficult  to  achieve 
because  properties  other  than  concentration  are  important  in  determining  light  trans¬ 
mission.  For  example,  at  a  given  concentration  (weight  jkt  volume  of  a.r).  dust  clouds 
composed  of  smaller  particles  pass  much  !«ss  light  than  those  composed  of  larger  parti¬ 
cles.  Particle  shape  and  composition  may  also  have  significant  effects  on  the  transmis¬ 
sion  of  light.  As  an  example  of  the  kinds  of  variation  that  may  result  from  these  differ¬ 
ences.  concentrations  as  low  as  0.8  mg/ft3  (10.6  mg/m3 )  have  restricted  visibility  to 
less  than  50  feet:  yet.  under  other  circumstances,  as  high  as  8  mg/ft3  (282  nig/mJ ) 
have  resulted  in  visibilities  of  500  feet  or  more.11 
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Table  II.  Dust  Concentrations  Under  Various  Field  Conditions 


Activity  or  Event 

Type  of  Surface 

Concentration 

mg/ft3 

ing/m3 

Dust  Storm  in  Australia 

5(H)  feet  above  ground 

Dry  surface:  little  protective 

0.06 

•> 

i  ,<KH)  feet  ai»:ive  ground 

rover. 

0.5 

1» 

2,(MH)  feet  above  ground 

Wind:  24  to  30  mph 

0.2 

4 

"  0(H)  feet  above  ground 

Ground  visibility:  1 .000  ft. 

0.05 

2 

),(HH)  feet  above  ground 

0.02 

1 

Wind:  12tol4niph 

Scrub  covered  field:  no  activity 

0.4 

14 

Fresh  breeze:  19  to  21  mph 

Unpaved  sandy  area: 
no  disturbing  activity 

1.7 

60 

Severe  storm:  not  defined 

Dry  surface:  no  cover 

5.0 

176 

Troops  drilling 

Dry  parade  ground 

0.9 

32 

Troops  marching 

Dry  unpaved  road 

2.0 

71 

( Ine  staff  car 

l.'npaved  maneuver  road 

2.9 

102 

(iouvoy  of  trucks  and  towed  gnn> 

Unpaved  maneuver  road 

5.1 

180 

(i)lumn  of  tanks 

Hare,  dry .  .-and  and  dust  surface: 
mcasur«-d  Iwsidr  column 

7.3 

258 

Muzzle  blast  fr<im  gun  <m  M-f>0  Tank 

Harr,  dry  surface  measured 

1.3 

46 

approv.  05  f«et  away 

MON61- \  Drones:  one  JATO  Bottlr 

Hard  packed  sand  and  gravel: 

0.9 

32 

two  separate  measurements 

2.4 

83 

Half-track  in  operation 

I-oosc  sand:  measured  TO  fert  away 

29.2 

1031 

One  Tank  -  10  mph 

Heavy  dust  surface 

960 

Column  of  6  l.i^ht  Tanks 

Moving  into  wind  over  heavy 
dust  surface 

53.5 

1889 

Engine  compartment  in  Tank 

170.0 

(i00l 

Aircraft  taking  off 

Clean,  paved  runway 

().» 

28 

11-21  Helicopter 

Over  frc-lily  plowed  field.- 

During  take-off 

10.0 

1412 

Hovering  at  I  foot 

1575 

547 

Hovering  at  10  feet 

111.1 

6.39 

Hovering  at  75  fret 

Hovering  with  second 

7.3 

258 

Helicopter  maneuvering  nearby 

64.o 

2259 

No)r:  Thr  rumples  in  this  table  were  taken  from  several  of  the  rrferrner?  listed  brrrin. 
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Zero  visibility  during  dust  storms  has  often  been  reported,  but  such  reports  are 
usually  grossly  exaggerated;  most  experienced  observers  agree  that  actual  visibilities  of 
less  than  10  feet  are  very  rare  occurrences  in  nature.  Oliver,13  writing  of  the  Egyptian 
and  Libyan  deserts,  states  that  visibility  during  storms  was  generally  between  50  and 
200  meters,  and  only  in  the  most  severe  storms  did  it  fall  below  50  meters.  However, 
during  the  most  violent  storm  in  the  period  between  1039  and  1945,  the  visibility  at 
Burg.  Egypt,  was  almost  nil  for  a  period  of  3  hours. 

Having  indicated  some  of  the  limitations  to  determining  dust  concentration  from 
visibility,  we  can  now  portray  in  Table  HI  the  general  relationships  that  have  been  esti¬ 
mated  to  exist.14 


Tabic  HI.  General  Relationships  Between  Visibility  and  Dust  Concentrations 


Visibility 

Dust  Concentrations 

(feet) 

(meters) 

(mg/ft3) 

(mg/m3) 

>500 

>152 

<0.4 

<14 

100  to  500 

30  to  152 

0.4  to  1.3 

14  to  46 

50  to  100 

15  to  30 

1.3  to  5.0 

46  to  i76 

<50 

<15 

5.0  to  40.0 

176  to  1412 

V.  SPECIAL  DUST  AND  SAND  CONSIDER  ATIONS 

In  previous  sections  of  this  report,  a  distinction  lietween  sand  and  dust  has  l  icon 
liascd  on  the  fact  that  tiierc  arc  significant  differences  in  the  lichavior  of  the  two  kinds 
of  particles.  In  reviewing  the  report  of  a  series  of  tests  with  helicopters,  however,  it 
would  appear  that  under  some  circumstances  there  is  little  reason  for  differentiating 
lietween  sand  and  dust.,s  The  following  capsule  summary  is  given  to  demonstrate  that 
helicopter-induced  conditions  may  lie  more  extreme,  as  well  as  somewhat  different, 
than  any  others. 

Concentration  measurements  and  some  particle-size  determinations  were  made  in 
dust  elouds  generated  by  a  tandem-rotor  II-2I  helicopter  at  Yuma  Proving  Ground  and 
at  Fort  Henning.  These  measurements  are  partially  summarized  in  Table  IV. 

- - 
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To  obtain  the  data.  25  samplers  were  mounted  on  a  framework  attached  to  the  helicop¬ 
ter  fuselage  and  on  a  boom  underneath  the  rotor.  For  uniformity  .  all  three  of  tin-  test 
sites  (two  separate  sites  at  Yuma)  were  plowed  to  a  depth  of  6  inches  and  then  disked 
prior  to  the  test  rut  us.  This  process  was  repeated  after  each  six  tests.  One  of  the  signifi¬ 
cant  things  shown  by  the  data  in  Table  IV  i>  that,  at  all  three  sites  and  at  all  three  test 
elevations,  substantial  proportions  of  the  particles  were  in  the  sand-size  range  (74  to 
250  pm)  although  there  was  a  greater  proportion  of  dust  over  the  Vehicle  Dust  Course 
at  Yuma  Proving  Ground.  It  was  also  found  that  operations  under  such  conditions  may 
lie  expected  to  take  their  toll  in  equipment.  Within  a  H-month  period  at  Yuma,  the  hcli 
copter  was  used  50  times  for  4-minute  tests.  During  the  period,  the  rotor  blades  were 
replaced  three  times  and  the  engine  was  replaced  once.  In  the  first  few  test  runs,  after 
a  total  hovering  time  of  ahoui  20  minute.-  in  the  dust,  three  layers  oi  wood  on  the  lead¬ 
ing  edges  of  the  rotor  blades  were  worn  away.  For  subsequent  tests  at  Yuma,  the  lead¬ 
ing  edges  were  taped  for  protection— a  procedure  Shat  was  effective  a<  long  as  the  tape 
was  replaced  after  12  to  16  minutes  of  hovering.  |{rforr  the  tests  at  Fort  Henning, 
metal  rotor  blades  were  installed:  and  their  leading  edgc<  were  covered  with  a  special 
polyurethane  film  for  protection.  The  film  pro\idcd  excellent  protection  for  the  lead¬ 
ing  edges:  but.  after  25  tests,  the  unprotected  rotor-tip  caps  were  completely  eroded 
throng!:. 


Another  interesting  feature  of  the  test  runs  was  that,  on  two  occasions  at  the  Ve¬ 
hicle  Dust  Course,  visibility  was  so  reduced  that  the  pilot  lost  all  ground  reference  dur¬ 
ing  attempts  to  clear  tin-  hover  area.  It  was  also  found  that  dust  concentrations  were 
much  higher  (by  a  factor  of  about  5)  when  tin-  helicopter  landed  and  took  off  again 
after  the  dust  cloud  was  allowed  to  clear. 

Even  though  the  test  runs  with  helicopters  represent  extreme  conditions  since  the 
hovering  areas  were  delilieratclY  prepare*!  to  produce  as  much  dust  as  possible,  jt  may 
1m:  desirable  to  insure  tha;  material  likely  to  he  so  exposed  lie  capable  of  withstanding 
considerable  concentrations  of  dust  and  fine  sand. 


VI.  DESIGN  AM)  TEST  CONSIDERATIONS 

Translation  of  sand  and  dust  information  into  reasonable  design  and  test  criteria  is 
difficult  because  many  widely  different  opinions  can  he  supported  by  the  available  data. 
Taiilc."  V  and  VI  contain  specific  recommendations  for  changing  the  erite.i.,  now  speci¬ 
fied  in  MIL-STD  2I0A,  but  some  explanation  of  the  reasons  behind  these  recommenda¬ 
tions  and  of  the  manner  in  which  they  should  be  applied  may  lie  in  order.  This  discus¬ 
sion  is  based  on  the  premise  that  dust  is  always  present  in  varying  amounts  ami  is.  there¬ 
fore,  something  to  Ik*  considered  in  all  design  problrms.  This  assumption  is  not  strictly 
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true  because  there  may  be  equipment  designed  for  use  only  in  dust-free  environments, 
but  this  is  not  a  general  consideration. 

From  the  information  presented,  one  can  conceive  of  three  different  levels  of  dust 
exposure  that  might  apply  to  nearly  all  military  materiel.  One  of  these  levels  describes 
a  possible  situation  in  which  certain  items  might  be  used  only  in  places  remote  from 
normal  military  activities  and  subject  mainly  to  dust  picked  up  and  transported  by 
wind  from  dry,  loose  surfaces.  A  second  situation,  which  may  lie  considered  normal, 
is  one  in  which  the  mere  fact  of  military  presence  creates  environmental  problems  rang¬ 
ing  from  mud  to  dust  depending  largely  on  the  moisture  content  of  the  surface  soil.  As 
has  been  shown,  this  is  the  situation  that  must  be  considered  realistic  for  most  materiel 
even  though  it  is  considerably  more  severe  than  natural  dust  storms.  A  third  category 
might  best  be  established  for  the  special  conditions  associated  with  aircraft  (particularly 
helicopter)  operations.  These  conditions  which  generally  are  the  most  severe  that  have 
been  measured,  should  in:  used  to  apply  to  those  items  normally  used  in  and  around 
helicopters. 

Design  specifications  nearly  always  have  testing  implications,  so  some  thought 
must  he  given  to  testing  for  dust  and  sand.  The  present  dust  test  iound  in  MIL-STI) 
81011.  Environmental  Test  Methods,  may  he  adequate  for  the  normal  dust  condition. 
The  test  specifies  concentrations  of  .‘100  ±  200  mg/ft3  (10.6  ±  7.1  grams/m3),  which  is 
somewhat  higher  than  most  concentrations  measured  in  the  field.  Also,  the  test  speci¬ 
fics  that  a  small  proportion  of  the  dust  particles  lie  in  the  size  range  between  74  and 
150  pm  which  is  larger  than  most  dust  particles  measured  in  the  field,  but  it  is  not  an 
unrealistic  requirement.  If  such  particles  cannot  remain  airliornc  they  will  merely  drop 
to  the  chamber  floor  and  will  cause  no  harm.  One  possible  weakness  of  the  test  is  the 
fact  that  the  specified  dust  is  at  least  07 '/t  quartz:  whereas,  there  is  a  [  ossihility  that 
significant  quantities  of  other  and  harder  minerals,  such  as  corundum,  may  be  part  of 
the  dust  in  the  field.  The  whole  question  of  dust  composition  on  a  world  scale,  how¬ 
ever.  is  one  that  has  yet  to  be  solved:  and  little  evidence  remains  on  which  to  base  a 
change  that  would  require  specific  quantities  of  other  minerals.  Another  potential 
weakness,  depending  on  the  puqrosc  for  which  the  tests  are  conducted,  is  that  the  test 
•lust  may  be  recirculated  repeatedly  through  the  chamber  with  the  distinct  possibility 
that  its  size  distribution  and  shape  will  change  drastically  even  after  one  pass. 


For  testing  against  the  severe  dust  condition,  it  would  appear  that  the  techniques 
used  previously  for  sampling  dust  in  the  roto.-  down  wash  of  helicopters  might  be  the 
most  piactical.  *1  hat  is.  use  a  helicopter  over  a  prepared  dry  surface  and  keep  the  con¬ 
ditions  as  near  standard  as  possible  even  though  they  are  not  completely  controlled. 


To  this  point,  the  subject  of  design  and  testing  specifically  for  sand  has  been  ig¬ 
nored  hut  with  some  reason.  For  one  thing,  if  penetration  into  small  openings  is  the 
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|  problem  under  consideration,  tin*  seals  or  openings  that  will  exclude  moderate-sized 

1  dust  will  also  exclude  sand.  If  the  question  is  one  of  resistance  to  abrasion,  this  can  be 

l  tested  in  many  cases  by  using  small  samples  of  the  materials  involved.  Further,  a  wind 

;  tunnel  capable  of  simulating  the  natural  phenomenon  of  blowing  sand  as  it  impinges  on 

I  large  items  would  be  difficult  and  expensive  to  achieve.  Weighed  against  the  limited 

•  risk  that  most  military  equipment  will  be  exposed  to  a  true  sandstorm,  even  though 

!  sand  surfaces  are  fairly  common  throughout  the  world,  the  advantages  of  a  simulated 

sand  test  applied  on  a  broad  scale  seem  very  small.  For  those  items  truly  likely  to  he 
involved  in  a  sand  environment,  it  might  be  worthwhile  to  expose  them  in  a  testing  pro¬ 
cedure  similar  to  that  suggested  for  severe  dust  conditions  but  over  a  surface  that  is  com¬ 
posed  largely  of  loose  sand. 


VII.  CONCLUSIONS 

Military  items  intended  for  world-wide  use  are  likely  to  encounter  sand  and  dust 
conditions  in  widely  varying  degrees.  Although  existing  literature  is  inconsistent  in  its 
definitions  of  sand  and  dust,  it  is  generally  accepted  that  size  is  the  basis  for  distinguish¬ 
ing  between  the  two  kinds  of  particles.  Particles  smaller  than  74  pm  may  l»e  considered 
dust,  and  particles  larger  than  74  tim  may  be  referred  to  as  sand.  For  several  reasons, 
dust  is  of  much  greater  importance  Jo  most  materiel  than  sand,  so  much  so  that  sand 
can  be  almost  ignored  in  the  design  of  most  items.  Although  research  on  world-wide 
distributions  and  characteristics  of  dust  has  been  very  limited,  enough  information  is 
available  to  indicat*'  that  changes  in  the  specification  of  dust  design  criteria  may  I»c  de¬ 
sirable.  Recommendations  for  such  changes  are  found  in  Tabic  VI,  Current  Dust  Cri¬ 
teria  in  MIL-STI)  2I0A  and  Recommendations  for  Revision. 
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